INTRODUCTION
The 3He/4He ratios of He derived from the deep interior of the earth during most subduc tion volcanism are from 6 to 8 times the at mospheric value of 1.4x 10-6, and uniform along the volcanic front and also in the back-arc region (e.g. Craig et al., 1978; Nagao et al., 1981; Torgersen et al., 1982; Lupton, 1983; Sano and Wakita, 1985; Sano et al., 1987; Poreda and Craig, 1989) . These characteristic isotopic ratios are within the range for, or somewhat lower than, the ratios for MORB (8 ± 1 times the at mospheric value: Poreda and Craig, 1989;  1.15-1.22 x 10-5: Staudacher et al., 1989) , and suggest 5 to 20% admixing of radiogenic 4He to the MORB type He in the mantle wedge or in the crust (Poreda and Craig, 1989) . Although each arc has a subducting crust with a distinct age, and accordingly a distinct He isotopic ratio due to radioactive decay of U and Th, no systematic correlation exists between He isotopic ratio of volcanic gases and the age of plate (Poreda and Craig, 1989) . Staudacher and Allegre (1988) pro posed that arc volcanism works as an effective "subduction barrier for volatiles" , and almost all noble gases in the subducting slab return to the atmosphere through volcanism. They also in dicated that most of the radiogenic 4He and 40Ar will escape from the oceanic crust during altera tion before being subducted.
For further understanding of degassing proc esses through arc volcanism, it is necessary to know the vertical distributions of noble gases in the mantle wedge and the lower crust beneath the volcanoes. This will give useful information about how noble gases are released from the sub ducting oceanic slab, the mantle wedge and the crust through arc volcanism. Mantle xenoliths are suitable for this purpose. Although many noble gas data have been reported for mantle derived rock samples from the mid-oceanic ridges, oceanic-islands and continental areas (e.g. Kaneoka et al., 1978; Kyser and Rison, 1982; Lupton, 1983; Kaneoka and Takaoka, 1991; Porcelli et al., 1992 ; and the references therein), the data for island arc region are scarce, and all from Japanese islands: a lher zolite xenolith from Oki-Dogo (Kaneoka et al., 1978) , JP-1 peridotite from Horoman, Hok kaido (Miura and Nagao, 1991) , and lherzolite xenoliths from Ichinomegata (Porcelli et al., 1992) . The 'He/'He ratios of (1.26 ± 0.02) x 10-5 for JP-1 and (0.95 -1.18) x 10-5 for xenoliths from the Ichinomegata were slightly higher than those (-< 1.05 x 10-5) of volcanic gases in Japan (e.g. Craig et al., 1978; Nagao et al., 1981; Sano and Wakita, 1985) .
In this study, we present noble gas isotopic ratios for three xenoliths from Oki-Dogo island and seven from Ichinomegata crater, Japan. The xenoliths are mantle-derived lherzolites and a websterite, and an amphibolite from the lower crust. A brief description of the samples measured for noble gases is given in Table 1 . Details about the xenoliths, the tectonic settings and the sampl ing localities have been described elsewhere (Aoki, 1972; Takahashi, 1978 and 1986) . The OKD-13, OKD-101 and KRB-102 samples are spinel lherzolites that were extracted from alkali olivine-basalt lava flows on Oki-Dogo island which is located in the Sea of Japan. The samples from Ichinomegata crater are spinel lher zolites except for Ich-Web-1 which is a websterite and Ich- which is an am phibolite. The samples (excluding Ich-Amp-10) are thought to be of upper mantle origin (Takahashi, 1978 and 1986 subsequently carried out at the Institute for Study of the Earth's Interior, Okayama Univer sity using a VG5400 noble gas mass spec trometer. The former machine (MS-A) was a sec tor type, 90° deflection with an ion curvature of 30 cm. It was operated manually and the mass spectra were recorded on a chart recorder. Mass resolution defined as M / d M was as high as 1200. The latter (MS-B) was also a sector type and the resolution was adjusted to 600 and the data acquisition was operated by a computer. The method of analyzing noble gases using the VG5400 has been described elsewhere Nagao, 1991 and . The two mass spec trometers are adequate to measure 3He without interferences from HD and H3. The noble gas ex traction oven and purification lines for both mass. spectrometers are the same. All three samples from Oki-Dogo Island and three out of seven from Ichinomegata crater were analyzed with the MS-A mass spectrometer (Tables 2 and  3 ).
The samples were crushed into pieces weighing about 500 mg, then they were wrapped in thin (10pm) Al-foil. A sample weighing 2-8 grams (Table 2 ) and consisting of several pieces was used for each analysis. Several samples were set in the side arm of the borosilicate glass sam ple holder and connected to an ultra-high vacuum line for noble gas extraction and purification. The whole system was baked out overnight to remove adsorbed atmospheric noble gases. The baking temperature of the samples was about 150°C. For noble gas extraction, the sample pieces were dropped into a molybdenum crucible one by one and heated until they melted at about 1800°C. The evolved noble gases were purified using two Ti-Zr getters heated to about 800°C. The gases were separated into three fractions for He-Ne, Ar, Kr-Xe isotopic analyses using a char coal trap at temperatures of liquid nitrogen and -60°C . Calibrated amounts of atmospheric no ble gases were also measured with the same pro cedure to determine the sensitivities and mass discriminations for all noble gas isotopes. A standard helium gas with a 3He/4He ratio of 1.71 x 10-4, which was prepared in our laboratory by mixing pure 3He and 4He, was also measured to correct the mass discrimination for 3He/4He . The mass discriminations determined with both atmospheric and standard He agreed with each other within the analytical errors. The blank levels were (1.5-2)x10-9, <5x 10-12, < 1 x 10-11, < 1 x 10-12 and <5X 10-13 cm3 STP for 4He, 20Ne, 36Ar, 84Kr and 132Xe, respectively. The 3He blank was less than detection limit (< 5 x 10-15 cm' STP). Because of the low con centrations of noble gases in Ich-30, up to 20% blank corrections were made for 4He and 20Ne. For the other samples, the corrections were less than 15%. Because accurate corrections for doubly charged ions, 'oAr" and C02", and for 20NeH were difficult in the Ne analyses , Ne isotopic ratios were not presented in Table 2 . The 18 Kr / 84Kr, 124Xe / 132Xe and 126Xe / 132Xe ratios were also not given in Table 3 due to the large analytical errors.
RESULTS AND DISCUSSION
The noble gas isotopic compositions of the Oki-Dogo and Ichinomegata samples are given in Tables 2 and 3 . The noble gas compositions of JP-1 (Miura and Nagao, 1991) , atmosphere and upper mantle (Staudacher and Allegre, 1988 ) are K. Nagao and E. Takahashi Concentrations of "Kr and 132Xe are given in the unit of 10-12 cm3 STP/g. References: 1) Miura and Nagao (1991) ; 2) Staudacher and Allegre (1988) . Fig. 1 ; data from previous work on ultramafic xenoliths from Ichinomegata (Porcelli et al., 1992) and JP-1 (Miura and Nagao, 1991) are also plotted for comparison. A clear contrast can be seen between data from Ichinomegata and Oki Dogo. The He ratios for Ichinomegata are generally higher than those from Oki-Dogo. In contrast to the clear signature of mantle He, atmospheric contamination in heavier noble gases is suggested from the 40Ar/36Ar ratios (307-1870), which are significantly lower than 28000 for the MORB samples as given in Table 2 ( Sarda et al., 1985; Staudacher et al., 1989) . The Kr and Xe isotopic ratios were similar to the at mospheric values and did not show excess 129Xe and 136Xe.
Lherzolite xenoliths from Oki-Dogo island Duplicate He analyses, performed for all the samples from Oki-Dogo, resulted in variable con centrations, i.e., (5.5 12.2) x 10-9 cm3 STP / g, and 3He/4He ratios; i.e., (2.8-10.3) x 10-6. KRB-102 shows the highest 3He/4He ratios of (9.1±1.7 and 10.3±1.8)x 10-6 and the lowest concentrations among the samples from Oki Dogo. It plots close to Icn-Lhz-26 in Fig. 1 . This suggests that the He in the upper mantle beneath Oki-Dogo island and Ichinomegata is isotopical ly similar. The other samples OKD-13 and OKD 101 plot below the KRB-102, which indicate ad mixing of radiogenic 4He.
The 3He/4He ratios of OKD-13 and OKD 101 obtained from the duplicate runs differ by a factor of about 2. The concentrations for these samples also scatter. The differences in the 3He/4He ratios and concentrations can be pro duced if the initial He was heterogeneously distributed within the samples and if radiogenic 4He from U and Th was admixed after the erup tion. Since the ages of the Oki-Dogo host rocks are older than 0.8 Ma (Takahashi, 1978) , low U concentration (0.03 ppm) with Th / U = 4 (Kaneoka and Takaoka, 1991 ) is sufficient to reduce the 3He/4He ratio from 10 x 10-6 to 2.8 x 10-6. OKD-13 is the same sample as IOB-13 reported by Kaneoka et al. (1978) . They gave an upper limit of 73 x 10-6 for the 3He/4He ratio. The 40Ar/36Ar ratio of 353.9 given by them is in good agreement with our value of 344± 10. The noble gas concentrations of this sample are also consistent with those reported by Kaneoka et al. (1978) .
Xenoliths from Ichinomegata crater
Helium isotopes could not be detected for Ich-Lhz-12 due to its very low He concentration, while it was enriched in heavy noble gases Ar, Kr and Xe compared with the other samples. The 40Ar/36Ar ratio of this specimen is 307 , which is the lowest among those determined in this work. The noble gas compositions of this sample in dicate a complete degassing of light noble gases and a large contamination by the atmospheric no ble gases. Although this sample is spinel lher zolite with symplectite (Table 1) , which is thought to be pseudomorphs of calcic plagioclase (Takahashi, 1978 and 1986) , it is not clear at present whether the presence of symplec tite is related to the characteristic noble gas com positions in the Ich-Lhz-12. Ich-30 and Ich-Lhz 26 are relatively depleted in light noble gases (He, Ne and Ar) among the samples from Ichinomegata. Their He concentrations are lower than those reported for 9 ultramafic xenoliths from Ichinomegata (Porcelli et al., 1992) as shown in Fig. 1 . The two spinel lher zolites Ich-Lhz-23 and Ich-Lhz-29 plot in the ranges of He concentrations and 3He/4He ratios reported for the xenoliths by Porcelli et al. (1992) . Websterite Ich-Web-1 has a large amount of He, which is comparable to that of JP-1 (Miura and Nagao, 1991) . High He concentra tions are also found in websterites among the xenoliths reported by Porcelli et al. (1992) . Ac cording to Takahashi (1978) , websterites originate from a shallower part of the mantle than spinel lherzolites beneath the Ichinomegata. Ich-Amp-10, amphibolite derived from the lower crust (Takahashi, 1978 and 1986) , is more abundant in He with slightly lower 'He/'He ratio (Fig . 1) . This means that either mantle He ascends from the deeper part of the mantle wedge and accumulates near the mantle crust boundary, or that websterite and am phibolite have higher affinity for He than spinel Iherzolite. The 3He/4He ratios of Ich-Lhz-23, Ich-Lhz-29 and Ich-Web-1 are in the range of ratios assumed for MORB, i.e., the ratio is 8 ± 1 times the atmospheric value of 1.4x 10-6 (Poreda and Craig, 1989) . In contrast, the 3He/4He ratios of Ich -30 and Ich-Lhz-26 are 14.6 ± 2.7 and 13.6 ± 1.2 x 10-6, respectively, which are higher than the MORB value. It should be noted that the ratios obtained with smaller blank corrections during the duplicate analyses were used.
87Sr/86Sr ratios of 0 .70351 (Nohda and Wasserburg, 1986) for two spinel lherzolites from the Ichinomegata are the same as those for hot-spot rocks such as Loihi (Kurz et al., 1982) . If the Ich-30 and Ich-Lhz-26 have the same 87Sr /16 Sr ratio , they plot on a mixing line be tween the MORB and Loihi in a 3He/4He versus 87Sr / 86Sr diagram ( Fig . 1 in Kurz et al., 1982) .
However, as will be discussed later, the xenoliths studied in this work are heavily contaminated by atmospheric noble gases presumably introduced by subducted sea water and oceanic sediments containing atmospheric noble gases. An increase in 87Sr/86Sr ratios for arc volcanic lavas due to contamination from subducting sediments was demonstrated by Poreda and Craig (1989) . The contamination can readily increase the Sr isotopic ratio from the MORB (0.7025) to the hot spot (0.7035) values. The Sr isotopic ratios for the Ichinomegata xenoliths reported by Porcelli et al. (1992) vary from 0.70268 to 0.70474, which cover almost the range for MORB and hot spots (e.g., Tristan da Cunha, 0.7050). The latter rocks may be derived from a region in the mantle that has been contaminated by subducted oceanic crust and sediments (Kurz et al., 1982; Lupton, 1983) . Hence, the variable Sr isotopic ratios of Ichinomegata xenoliths (Porcelli et al., 1992) may suggest the contamina tion of Sr from the slab. It is difficult to identify the noncontaminated Sr isotopic ratio for the Ichinomegata lherzolites based on the available data. Wakita and Sano (1983) reported 3He/4He ratios of up to 6.24 x 10-6 for gas samples ob tained in this area. However, the ratios are less than half of the observed values for Ich-30 and Ich-Lhz-26. Since the gas samples were collected from petroleum wells (CH4-rich), the helium isotopic ratios cannot be accounted for by pre sent-day volcanic activity. There is no indication for hot-spot volcanism in this area. In situ-pro duced cosmogenic 3He (<<-10-12 cm3 STP / g) has been reported for samples from Hawaiian volcanoes, Central Asia and Antarctica (Kurz, 1986a and 1986b; Craig and Poreda, 1986; Porcelli et al., 1987; Staudacher and Allegre, 1991) . If the existence of cosmogenic 3He is assumed in our samples, then the 3He concentra tions which might be present in excess to the 3He/4He of 1 .2 x 10-5 (MORB-type He) could be as low as (7 9)10-'S cm3 STP / g for Ich-30 and Ich-Lhz-26. Sampling sites of the Oki-Dogo and Ichinomegata are at sea level. The production rate of 3He at Hawaii at sea level is about 100 atoms g-' a-' (Kurz, 1986b and . Because correction for the different production rates due to different geomagnetic fields between Hawaii and the Japanese islands increases the produc tion rate by about 10% (Staudacher and Allegre, 1991) , the 3He production rate at the sites of our samples is about 110 atoms g-' a-'. Accord ingly, the cosmogenic 3He accumulated during 9000 years since the formation of the Ichinomegata crater (Takahashi, 1978 ) is 9.9 x 105 atoms / g or 3.7 x 10-14 cm3 STP / g. The production rate decreases by an order of magnitude at the depth of 1 m from the surface (Lal, 1987 and 1988) . Hence the observed "ex cess" 3He concentrations are comparable with the calculated 3He accumulation, (3.7 37) x 10-15 cm3 STP/g, for rocks at depths from 0 to 1 m at the sea level. However, it is unlikely that these samples have remained near the surface (< 1 m deep) for 9000 years after their ejection. Moreover, if the cosmogenic 3He is responsible for the high 3He/4He ratios, then the cosmogenic 3He should be more significant in the samples from Oki-Dogo whose eruption ages (>0.8 Ma) are much older than that of Ichinomegata. Since the cosmogenic 21Ne concen tration for these samples is estimated to be 2.5 x 10-14 cm3 STP / g or less using the ratio (1.41) of the cosmogenic production rates for 3He and 21Ne (Staudacher and Allegre , 1991) , ac curate determination of Ne isotopic composition could indicate whether or not the cosmogenic 3He is the cause for the high He isotopic ratios . It is unlikely, however, that the cosmogenic 3He is responsible for the high 3He/4He ratios.
Because of the large analytical errors associ ated with 3He/4He ratio measurements, lower limits of the two values (Ich-30 and Ich-Lhz-26) overlap the MORB value as noted above. Fur thermore, the observed 'He/'He ratios are within the wider range (6-10 times the at mospheric value) adopted for MORB by some researchers (e.g., Vance et al. 1989 ). For the above reasons, it is difficult at present to find the hot-spot-type noble gas signature in the Ichinomegata xenoliths ).
More precise investigations are required to clarify the origin of the relatively high 3He/4He ratios found in the spinel lherzolites. Amphibolite Ich-Amp-10 is heavily enriched in He up to 1.2 X 10-' cm' STP/g. The measured 3He/'He ratios of this sample (10 .1 and 10.7)
x 10-6 were almost the same as the highest values observed for volcanic and hot-spring gases of Japan (e.g. Nagso et al., 1981; Sano and Wakita, 1985) . This suggests a close relationship between arc magmas and lower crustal am phibolites in terms of the helium isotopic ratios.
Recycled noble gases in the mantle wedge beneath the Japanese Island Arc in view of 3He/4He and 40Ar/36Ar ratios representative for the mantle plume, MORB and atmosphere are labeled as P, M and A, respec tively. The lines connecting P-A and M-A repre sent the isotopic ratios produced by two-compo nent mixtures. The ratios for arc-volcanic gases, old oceanic crusts, Loihi and MORE are also in dicated in Fig. 2 (Kaneoka and Takaoka, 1980 Kyser and Rison, 1982; Sarda et al., 1985; Allegre et al., 1986/87; Staudacher and Allegre, 1988) . In Table 4 , the noble gas composi tions of our rock samples have been compared with those of the deep-sea water, oceanic sediments, oceanic crust and upper mantle (Allegre et al., 1986/ 87; Staudacher and Allegre, 1988) .
The noble gas compositions in xenoliths stud ied in this work must represent the noble gas compositions in the mantle wedge beneath the Ichinomegata and Oki-Dogo. The 3He/4He ratios reported here are similar to the MORB values, whereas the 40Ar/36Ar ratios are distinct ly lower (Fig. 2) . It is difficult to attribute the low 40Ar / 36Ar ratios to the atmospheric contamina tion after the eruption of xenoliths. Considering the closed system production of radiogenic 4He and 40Ar in the rocks after their formation with respect to noble gases, the observed 3He/4He and 40Ar / 36Ar ratios should represent the lower and upper limits, respectively. However, the isotopic changes are not likely to be significant for most of the Ichinomegata samples because of the low concentrations of U, Th and K in the lherzolites (Takahashi, 1986; Porcelli et al., 1992) . In Fig. 2 , the xenoliths from Oki-Dogo plot below the M-A mixing line indicating admix ing of noticeable amounts of radiogenic 4He and 40Ar . The He-Ar isotopic ratios for xenoliths from Ichinomegata and JP-1 peridotite plot along the M-A mixing line. The 40Ar / 36Ar ratios vary from 316 to 1870, which are more than an order of magnitude lower than the MORB value (>_ 20000). Judging from the MORB-type He isotopic ratios observed for the xenoliths, the in itial noble gas isotopic and elemental composi tions in the mantle wedge should be the same as the upper mantle values (Tables 2 and 3 ). If we assume that the initial high 40Ar /36 Ar ratio (28000) has decreased to the observed values (307-1870) by the atmospheric Ar added to the mantle wedge from subducting slab, it is calculated that 94% and 6% of the total 36Ar are atmospheric and mantle origin, respectively, for the least contaminated sample Ich-Web-1. For Ich-30, the mixing proportions are 99.7 and Table 4. 36Ar -normalized elemental abundances of noble gases, and their He and Ar isotopic ratios 0.3%, respectively. This means that the initially trapped MORB-type Ar has been almost com pletely degassed and'the observed 36Ar is of most ly secondary origin. On the other hand, 85 and 23% of 40Ar in the Ich-Web-1 and Ich-30, respec tively, are still original. If the atmospheric Ar is derived from the deep-sea water, the amounts of water required to account for the Ar contamina tion in Ich-Web-1 and Ich-30 are 0.16 and 0.017 mg for 1 g xenoliths, respectively. If oceanic sediments are responsible for the Ar contamina tion, required amounts of sediments are more than an order of magnitude larger than the sea water because of the lower concentrations of no ble gases and higher 40Ar / 36Ar ratio in the sediments (Table 4 ). According to the petrological observations, the Ichinomegata xenoliths have undergone several cycles of par tial melting and crystallization under hydrous conditions (Takahashi, 1978) . During the cycles, the mantle wedge rocks may have lost the initial Ar and acquired the atmospheric Ar from the subducting slab. If this is the case, other noble gases should be contaminated by the recycling process. The char acteristic noble gas compositions observed in the xenoliths, i.e., similarity to those estimated for upper mantle (Table 2) , high abundance of He and slight enrichment in Ne (Table 4) , can best be explained by preservation of the noble gases of upper mantle origin. However, as discussed on Ar isotopic ratios, almost all the 36Ar in the xenoliths can be assumed to have originated from the subducting slab. The concentrations of Ar, Kr and Xe in the samples are similar to those of sea water, oceanic sediments and oceanic crust. The 40Ar / 36Ar ratios estimated for the oceanic sediments and crust are approximately 375 and 350, respectively (Staudacher and Allegre, 1988) , which can also account for the 40Ar/36Ar ratios of 300 -400 observed in the spinel lherzolites from Ichinomegata. Since the subducting oceanic crust has a relatively high He concentration and low 3He/4He ratio (10-'), it could supply radiogenic 4He to the mantle wedge, resulting in a decrease of 3He/4He ratios. On the other hand, because of the low He con centration in sea water, the isotopic ratios of He in the samples KRB-102, Ich-Lhz-26 and Ich Lhz-29 having low He concentrations should not be affected by any addition of He from sea water. In any case, the Ar isotopic ratios indicate that most of the heavy noble gases, i.e., Ar, Kr and Xe (except for 40Ar) have been replaced by noble gases released from the subducting slab which contains air-saturated sea water or sedimentary materials. The excess 129Xe and 136Xe , which might have been present initially in the mantle (Table 4) , must have been erased due to the replacement. In other words, the mantle beneath the Ichinomegata and Oki-Dogo has been greatly altered with respect to the noble gases. Only He remains in the mantle because of the small degree of contamination by the at mospheric or radiogenic He from the slab. Another possibility, however, is that, although He originally trapped in the mantle wedge was also lost, the mantle He signature of the mantle wedge has been recovered by continuous supply of He from the unaltered, deeper part of the mantle wedge. However, all the available noble gas data for mantle wedge, i.e., Oki-Dogo, Ichinomegata and Horoman (JP-1), indicate alteration with respect to noble gases. This situa tion may be representative for other plate boun daries where mantle wedge overlies the subduc ting oceanic plate.
As noted above, about 80% of 40Ar in the Ich-Web-1 is of mantle origin. Its 4He/40Ar* ratio (4OAr* is the 40Ar in excess to the at mospheric Ar) is 2.1, which is close to the ratio (1.8) of the production of the corresponding nuclei in the upper mantle (Staudacher et al., 1989) . The noble gas concentrations are rela tively high in this specimen. From these reasons, the 3He/4He ratio of 11.9±0.1 x 10-6 found in the Ich-Web-l is likely to represent the He signature of the unaltered mantle wedge.
Noble gases in the lower crust inferred from Ich Amp-10: a source of magmatic noble gases?
The Ich-Amp-10 sample comes from the lower crust, about 15-25 km deep beneath the Ichinomegata crater (Takahashi, 1986) . Its noble gas composition is as follows: 1) The 3He/4He ratios of (10.1-10.7) x 10-6 are similar to the maximum ratios of about 10.5 x 10-6 observed for the volcanic gases in Japan (Nagao et al., 1981) , 2) The low 40Ar/36Ar ratio of 680 is similar to those observed for the arc volcanic gases. The volcanic gas 40Ar /16 Ar ratios have values mostly lower than 350, implying con tamination of atmospheric Ar during its passage to the earth's surface.
3) The He concentration is very high, i.e., 1.2 x 10-6 cm3 STP/g. 4) The He/Ne ratio is high (1900) for this sample. This is also consistent with the He/ Ne ratios in volcanic gases (Nagao et al., 1981) .
Because the 3He/4He ratios in the lherzolite xenoliths are high (1.2x 10-5), direct degassing of He from the upper mantle is difficult to pro duce the He with regionally uniform 3He/4He of 10.5 x 10-6 which is about 10% lower than the ratios observed in the lherzolites. The isotopic characteristics of He, Ne and Ar in the am phibolite sample Ich-Amp-10, on the other hand, are compatible with the observed values for the gas samples related to the arc volcanism in the Japanese Islahd Arc. Relative elemental abundances in Ich-Amp-10 show an enrichment in lighter noble gases relative to other mantle xenoliths. This enrichment can be attributed to selective transport of light noble gases from man tle wedge to the lower crust. This would imply a zone enriched in noble gases in the lower crust. Takahashi (1978) proposed a model that the lower crust of the Northeast Honshu Arc, Japan, consists of amphibolite or hornblende gabbro. If the proposed amphibolite is enriched in noble gases as given here, then the noble gas isotopic characteristics of the arc volcanic gases are readily explained. With this model, the low 40Ar/36Ar ratios observed for the island arc volcanic gases can be interpreted as having been "formed" in the lower crust and also in the up per mantle, and are not due to air contamination near the surface. However, the atmospheric con tamination near the surface by involvement of air dissolved in ground water cannot be neglected for volcanic gases. The above discus sion is based on the only one data set from Ich  so that more noble gas data are re quired to clarify the origin and mechanisms of noble gas degassing through arc volcanism.
CONCLUSIONS
Mantle derived xenoliths from Oki-Dogo and Ichinomegata, Japan, have a 3He/4He ratio of 1.2 x 10-5, which is similar to the MORB value. This indicates that the noble gas composition in mantle wedge was MORB-like before subduc tion occurred. Severe contamination by noble gases from the subducting slab lowered the 40Ar / 36Ar ratio from the MORB value (? 20000) to 316-1870. The contamination must have eras ed the noble gas isotopic signature for upper mantle, except for He which is preserved.
The 3He/4He ratios of (10.1-10.7) x 10-6, low 40Ar/36Ar ratio of 680 and high He concen trations in amphibolite sample from the lower crust are similar to the values for noble gases in arc volcanic gases. This implies a close relation ship between arc magmas and lower crust am phibolites, i.e., the noble gases from the upper mantle accumulate in the lower crust and degas through the arc volcanism.
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